Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) may prevent Alzheimer dementia (AD).
Although the pathogenesis of Alzheimer dementia (AD) is poorly understood, inflammatory mechanisms are probably involved. Following up suggestive early observations that incidence of AD is lower among users of nonsteroidal anti-inflammatory drugs (NSAIDs), the NSAIDs-AD relationship has been evaluated in more than 30 observational studies. 1 Most have confirmed the original observations, although some well-designed studies have found different results. 2, 3 NSAIDs are not helpful for people with established AD dementia, 4 and the selective cyclooxygenase-2 inhibitor rofecoxib does not allay progression of milder cognitive symptoms to AD. 5 NSAIDs also appear to offer no benefit to people whose preclinical AD pathology is sufficiently advanced that they develop dementia symptoms within very few years, 6, 7 a conclusion that was also supported by early results from the AD Antiinflammatory Prevention Trial (ADAPT). 8 The relationship of NSAID use and AD thus appears to be more complex than was earlier believed.
To investigate these conflicting results, we undertook a prospective analysis of NSAID use and incident dementia or AD in the Adult Changes in Thought (ACT) study, a population-based cohort investigation with several advantages for such work. These included an electronic pharmacy dispensing database with prescription information available since 1977, a prospective design with screening and examination for dementia starting in 1994 and biennial follow-up thereafter for up to 12 years, and a large sample that enabled unusually detailed analyses. We hypothesized that NSAID use would delay the onset of dementia and AD in the ACT cohort, resulting in decreased incidence.
METHODS ACT study population. ACT is an ongoing prospective, community-based study of incident dementia and AD. Methods have been described elsewhere. 9, 10 Briefly, between 1994 and 2003, ACT enrolled 3,392 cognitively intact community-dwelling participants aged 65 years and older from a population base of 23,000 members of Group Health (GH), a large integrated health care delivery system in King County, WA. The ACT cohort was assembled in two phases: between 1994 and 1996, a random sample was drawn from West King County clinics to form an initial cohort of 2,581 individuals; then, using similar methods, an expansion cohort of 811 was enrolled between 2001 and 2003. Participants gave informed consent for all procedures as approved by the Institutional Review Boards of each relevant institution.
Participants' demographic, medical history, and functional status were collected via in-person interviews at baseline and at biennial follow-up visits for ascertainment of incident dementia. To ensure a thorough accounting of prior NSAID exposure, our analyses considered only ACT enrollees with at least 10 years of GH membership. Primary analyses used pharmacy data for participants with at least one follow-up visit. Secondary analyses considered both pharmacy and self-reported exposures in participants with at least two follow-up visits (see below).
Participant characteristics.
Health and lifestyle characteristics at baseline included measurement of body mass index and self-rating of health, physical activity, alcohol use, and smoking history. APOE genotype was determined as described. 9 Participants with one or two APOE 4 alleles were considered APOE 4-positive. 11, 12 Participants were also asked if a doctor had ever told them they had angina, congestive heart failure, heart attack, stroke, small strokes or transient ischemic attacks, hypertension, diabetes mellitus, osteoarthritis, or cancer, and whether they had ever had coronary bypass surgery or balloon angioplasty. Presence of coronary heart disease was defined by self-reported history of heart attack, angina, angioplasty, or coronary artery bypass surgery.
Ascertainment of dementia and AD. At baseline and
follow-up visits, cognitive function was evaluated using the Cognitive Abilities Screening Instrument. 13 Persons scoring Յ85 were referred for a dementia evaluation including neuropsychological testing, medical history, physical examination, laboratory testing, and appropriate neuroimaging. Diagnoses were assigned by a multidisciplinary study team at consensus conferences. 9 Criteria for dementia were from DSM-IV 14 and diagnoses of probable and possible AD followed National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria. 15 Onset date for incident cases was conventionally assigned as midway between the preceding ACT visit and the visit that triggered a positive dementia evaluation.
Time-varying NSAID exposure classification. We developed two time-varying measures of NSAID exposure, one based on solely pharmacy dispensing data and another integrating pharmacy data with self-report. The GH pharmacy database includes all prescriptions dispensed from March 1977 to the present, including drug name, strength, and amount dispensed. For the primary analyses, we defined standard daily doses for each NSAID, 16 much as was done by the Rotterdam study. 6 We calculated the number of standard daily doses (SDDs) associated with each prescription in the database, multiplying the amount dispensed by the strength and dividing by the SDD. Then, starting at enrollment in GH or in 1977, whichever occurred later, we considered all prescription fills within a rolling 2-year window of time. Ignoring the last year before dementia onset to avoid consideration of NSAID use influenced by the presence of dementia, 6 we counted the number of SDDs over the window. We classified exposure as 1) heavy use, with Ն500 SDD prescribed within 2 years; 2) moderate use, with 60 -499 SDD; and 3) light/no use, with Ͻ60 SDD. At each time point, a participant's degree of exposure was classified as the highest category attained to date.
Secondary analyses included not only pharmacy-based exposures but also self-reports of NSAID use. For the self-report analyses only, heavy use of NSAIDs required a report of use on two or more successive visits. Again, exposure status over time reflected the highest category to date, whether from pharmacy or self-report data. Because these analyses required two successive interviews for exposure ascertainment and one further visit for detection of incident dementia, the eligible population here was smaller than for the primary, pharmacy-only analyses.
Statistical analyses. We considered two outcomes: all-cause dementia and AD. In Cox proportional hazards models with time-dependent covariates, 17 we used light/nonusers of NSAIDs as the reference group, and participant age as the time axis. 18 Individuals without an event were censored at their last ACT visit. All analyses and model diagnostics were performed using PHREG, SAS version 9.1.3 (SAS Institute, Cary, NC).
We fitted three models for each outcome/exposure combination. Model 1 adjusted for potential age cohort effects by stratifying ages at ACT baseline into 5-year age categories, and for study cohort effects by including a variable indicating initial or expansion cohort membership. Model 2 additionally adjusted Table 1 Baseline characteristics according to level of nonsteroidal anti-inflammatory drug use before study entry* for characteristics commonly associated with dementia risk: gender, education, and APOE status. To control for other potential confounding, model 3 also included time-dependent covariates for comorbidities plausibly associated with NSAID use or risk of dementia: hypertension, diabetes, obesity, osteoarthritis, and physical activity. We report our main results from the most fully adjusted model 3.
We assessed the robustness of our results with several sensitivity analyses (e-appendix on the Neurology ® Web site at www. neurology.org). Additional models included use of histamine H2 blockers or proton pump inhibitors (from self-report), history of coronary heart disease, and impaired activities of daily living. We also tested the proportional hazards assumption by examining possible interactions between age and other covariates. To explore an influence of recency of exposure, we separated heavy users into groups with recent heavy use (within the past 5 years) or with distant heavy use only (at least 5 years before onset.) Other sensitivity analyses considered only NSAID use since the inception of ACT (to simulate the Rotterdam study) or removal or further restriction of the Ն10-year GH enrollment criterion. We also categorized NSAID exposures by the reported capacities of individual agents to reduce production of amyloidogenic A␤ 42 in vitro. 2 Finally, we considered other outcomes including the more restrictive category of probable AD. 15 RESULTS Baseline characteristics of the analytic sample. Of the 3,392 ACT participants, 3,026 (89%) had the requisite 10 years of GH enrollment at baseline. Of these, 2,736 (90%) completed at least one follow-up evaluation and were included in our primary analyses, while 2,095 (69%) completed the two or more follow-up visits needed for the secondary analyses. Table 1 provides baseline characteristics stratified by pharmacy-based NSAID exposure level at baseline. The median age at enrollment was 74.8 years (interquartile range, 70.6 -80.0). Approximately 40% were male, 90% were Caucasian, and more than 60% had at least some college education. The analytic sample did not differ meaningfully at baseline from the full ACT cohort with regard to the distribution of health and sociodemographic characteristics (not shown). Of the 2,736 participants with at least one follow-up visit, 1,380 (50%) had light or no use at baseline, as defined by pharmacy data, while 1,005 (37%) were moderate users, and 351 (13%) were heavy users. Demographic characteristics and APOE status did not differ substantially across these exposure groups, but moderate or heavy users had more comorbid conditions and adverse health behaviors or characteristics than light/nonusers. Missing data were Ͻ2% for all variables with the exception of APOE status.
Exposures. Table 2 shows pharmacy data on NSAIDs for the study cohort. For both prescriptions and SDD, almost half (46%) were for ibuprofen. Together, ibuprofen, naproxen, indomethacin, and sulindac accounted for approximately 80% of all prescriptions and SDD. Among the 1,380 light/ nonusers at baseline, subsequent prescriptions led to exposure reclassification such that 231 (17%) became moderate users and 27 (2%) became heavy users. An additional 80 baseline moderate users (8% of 1,005) became heavy users during the follow-up period. For the secondary analyses, of the 1,079 light/ nonusers at baseline (52% of 2,095), 195 (18%) became moderate users and 66 (6%) became heavy users on the basis of combined pharmacy and selfreport information. Similarly, an additional 121 of 755 (16%) baseline moderate users became heavy users. Table 1 shows timing of moderate and heavy NSAID exposure, including the earliest and most recent time period in which that intensity of exposure was present.
Incidence of dementia and AD. As of December 2006, the 2,736 members of the analytic sample had accrued 16,931 person-years of follow-up: 7,627 person-years among those ultimately characterized as light/nonusers; 6,731 among individuals finally classified as moderate users; and 2,573 among heavy users. There were 476 (17%) cases of incident dementia, with 356 (13% of the sample) attributed to AD. Another 277 (10%) withdrew from ACT and 655 (24%) died before withdrawal or diagnosis.
Regression modeling. Table 3 shows results from the main regression analyses. In primary analyses, the adjusted hazard ratio (aHR) for all-cause dementia in DISCUSSION In a large cohort study of an elderly population-based sample, we observed no reduction in risk of dementia or AD among users of NSAIDs. Instead, we found that prior sustained NSAID exposure was associated with increased incidence of dementia and AD. This result was robust to comprehensive sensitivity analyses investigating features of both the design and analytic approach. Interest in NSAIDs for AD treatment or prevention began in 1990, when patients with rheumatoid arthritis (for the most part, obligatory users of NSAIDs) were reported to show reduced rates of Alz-heimer pathology. 19 Several early studies 20,21 then spurred speculation that anti-inflammatory treatments including NSAIDs could delay or prevent the onset of AD. Subsequently, numerous observational studies reported data consistent with this notion. Notably, a population-based prospective study from Rotterdam examined individuals aged 55 years and older who had NSAID prescription information from a computerized pharmacy dispensing database. 6 A 2004 meta-analysis of three carefully conducted case-control studies and four cohort studies showed convergent odds ratios (ORs) or hazard ratios (HRs) near 0.6, suggesting a 40% lower incidence of AD among those exposed. 22 A more recent meta-analysis of six population-based prospective studies suggested an HR of 0.75 (95% CI, 0.64 -0.89), 2 but no difference in apparent effects of categories of NSAIDs that were distinguished by their ability to reduce production of the amyloidogenic peptide A␤42 in vitro. A large recent case-control study using the national VA database found an OR of 0.76 (95% CI, 0.68 -0.85) with 5 years of NSAID use. 23 However, the AD-NSAIDs relationship may be more complicated. NSAIDs are not helpful for people with established AD, 4 and rofecoxib does not allay progression of milder cognitive symptoms to AD. 5 NSAIDs also appear to offer no benefit to people whose preclinical AD pathology is sufficiently advanced to produce dementia symptoms within very few years. 6, 7 ADAPT, which followed participants for only 24 months on average after randomization, yielded relative risks of 1.99 (95% CI, 0.80 -4.97) Table 3 Adjusted hazard ratios of risk for all-cause dementia and Alzheimer dementia (AD) with prior sustained nonsteroidal anti-inflammatory drug exposure and 2.35 (95% CI, 0.95-5.77) in those assigned to celecoxib or naproxen vs placebo. Similarly, the present findings appear to contradict the straightforward hypothesis of reduced incidence with NSAID exposure, and they contrast with results from many prior studies, including the methodologically similar Rotterdam study. 6 Why? Possibly owing to several methodologic strengths, we may have observed a truer representation of the association of NSAIDs and dementia risk than others before us. These strengths include not only a communitybased sample but also biennial assessment for dementia and AD, rigorous exposure classification based on pharmacy dispensing records beginning in 1977 (17 or more years before initial enrollment into ACT), large numbers of incident dementia or AD cases affording good statistical power, and consideration to self-reported as well as pharmacy-based exposure data. Some confidence in the robustness of our observations is also suggested by the consistency of the associations observed in a variety of models using several methods of exposure classification and multiple outcomes, including several sensitivity analyses. On balance, these strengths appear to outweigh the weaknesses in our study, which include a sample which, although representative of its population base, might not generalize well to other populations, lack of precise dosing information, and (inherent in all observational studies) the possibility of bias from inadequately measured or unsuspected confounders.
Upon reflection, however, we pursued other explanations for the discrepancy. For example, unlike the Rotterdam investigators, we had detailed information on NSAID exposure for many years before enrollment. This might arguably have reduced misclassification of individuals as nonusers who had heavy NSAID exposure before enrollment. However, sensitivity analyses ignoring earlier exposures did not change our results (e-appendix). Alternatively, NSAID use might have promoted AD onset in a particular group of susceptible individuals with unrecognized advanced preclinical AD pathology, as appeared likely in ADAPT. 8 Arguably, these nondemented individuals had advanced AD pathology because they developed dementia within such a short time and, given its advanced age, the ACT cohort may have included many such individuals. Again, however, this explanation was not supported by a sensitivity analysis of distant vs recent exposures, which found no reduction in dementia or AD risk in participants with distant heavy exposures only (e-appendix).
We therefore considered whether the most likely explanation of the discrepant findings related to differences in participant ages across studies. The ACT cohort is older than most previously studied populations, with a minimum enrollment age of 65 years and a median age of 83.5 years (interquartile range, 79.6 -86.9) at dementia onset. By contrast, the Rotterdam cohort was much younger, with 45% of participants younger than 65 years at enrollment. The Cache County Study 7 cohort was also younger, with a mean age of 74 years at dementia assessment. The latter figure is broadly typical for most prior studies, which have formed the evidence base for reduced incidence of AD in NSAID users. 2 The Cache County Study also found an interaction between age and AD incidence in NSAID users, such that an aHR of 0.38 at the mean age of 74 was increased by 7% with each year of age. We regarded this sort of modification of effect by age as potentially important because, similar to present results, two other studies of substantially older cohorts, the Religious Orders Study 3 and the MoVIES project (median dementia onset near age 80), 24 failed to show a reduced risk of AD, with aHRs of 1.19 (95% CI, 0.87-1.62) and 1.16 (95% CI, 0.82-1.63; data from reference 7). Upon closer inspection, however, this level of interaction appeared too modest to explain our unexpected results, and probably those of the Religious Orders Study or MoVIES as well.
How else might differences in cohort age account for different results? Others have suggested that differences across age groups may be attributable to selection bias. 25 We attempted to control for such cohort effects by stratifying our analyses by 5-year age groups at enrollment. However, this technique produced little change in results (data not shown). We also considered one other explanation that, if substantiated, might simultaneously explain our results and also account for opposite findings from younger cohorts. A part of our hypothesis was that NSAID exposure delays the onset of AD. Indeed, it is commonly conjectured that most, if not all, AD risk factors act by accelerating or retarding dementia onset. This phenomenon has been shown repeatedly for APOE genotype, 26, 27 and it appears also to apply to head injury. 28 In fact, we know of no AD riskmodifying factor that demonstrably acts otherwise. If NSAID exposure defers the onset of AD, then exposed members of younger cohorts would logically show a reduced frequency of disease, but NSAID users in older cohorts could be enriched for cases that would otherwise have appeared earlier.
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